ABSTRACr Workers who are particulary susceptible to the effects of their occupational exposure, from the perspective of the healthy worker effect, soon leave the workplace. The result of this mobility, called survival bias, is that cross sectional studies based on the survivors underestimate the true risk of occupational exposures. Two questions are addressed in this empirical study of the "survival bias" component of the "healthy worker" effect. Do miners with respiratory impairment or symptoms disproportionately leave jobs that have a potentially harmful respiratory exposure? And does the presence of an additional potentially harmful respiratory exposure, in this case diesel emissions, accelerate the rate of mobility for miners with respiratory impairment or symptoms? No confirmation was found for the survival effect in a study of 738 diesel and 420 non-diesel US underground coal miners. No additional increment in mobility was associated with exposure to both coal mine dust and diesel emissions.
The "healthy worker effect" is part of the folklore of occupational epidemiology and was documented nearly 100 years ago in the work of Ogle.' Almost every study of the health effects of occupational exposure pays recognition to the healthy worker effect through the caveats that "of course, employed populations are healthier", and "of course, we are only studying the survivors". While the wording may vary, the message is clear: people in ill health or those overly susceptible to occupational exposure are disproportionately underrepresented in the workforce in any occupation. The result is that an unbiased assessment of the health outcomes resulting from occupational exposure is impossible. One simply has to assume that, for the mortality or morbidity under consideration, selection and survival effects are negligible. Both selection and survival, as parts of the healthy worker effect, are themselves part of the broader issue of sample selection bias. While the existence of a healthy worker effect is commonly reported to lead to an underestimate of the effects of occupational exposure, alternative views are possible. For very undesirable work, selectivity may retain only workers who could not move to a better job. The result would be an aggregation within the workplace of unhealthy rather than healthy workers. Received 8 November 1982 Accepted 14 March 1983 Three related issues have evolved as areas of concern regarding the healthy worker effect.
Selection effect
Firstly, employed populations are, by the fact of employment, selected by health status and are thus more healthy than an average based on the total population.2-4 This "selection effect" biases mortality comparisons when occupational groups are compared with the total population, as is frequently done in the calculation of standardised mortality ratios (SMRs). Social and background characteristics of the miners possibly related to health or mobility were examined before the measures of respiratory impairment and symptoms. Since age was found to be a strong overall predictor of mobility, mobility rates were age adjusted to the "all mines" total.
The population of this study was restricted to miners under age 50 to avoid a retirement bias.
Chi-squared was used to test relationships between various independent variables and five year mobility within mine type, between mine type, and for the total study group.
Social and demographic correlates of mobility
The overall mobility, expressed as percentage leaving in five years, was identical for both mine types, 26% in diesel and non-diesel mines, and hence not statistically significant (table 1) . When mobility was analysed by miners' characteristics, some differences occurred.
As expected, women overall had a statistically significantly higher five year mobility rate than men, 62% compared with 25%. Within both diesel and non-diesel mines women were significantly more likely to leave than men.
Overall, whites had a significantly higher rate of mobility than non-whites, 27% compared with 15%. Within non-diesel mines whites were significantly more likely to leave than non-whites.
As expected, never married and not currently married miners had a significantly higher mobility rate than currently married miners, 32% and 40% compared with 25% in the total sample.
The younger the miner the higher the mobility Mobility was positively and significantly related to education overall and in the diesel miners. The rates range in the total from 19% for those with less than high school graduation to 35% for those with at least some college education.
The less the total mining experience, both underground and above ground, the greater the mobility. For those with less than four years of mining, the mobility rate was 32%, and for those with more than seven years of mining, the mobility rate was 10%. This trend was more extreme in the non-diesel miners than in the diesel miners. Mobility differences by total years mining, total and within mine type, are statistically significant.
Finally, the less the underground mining experience, the higher the mobility. For those with less than four years underground, the mobility rate was 29% compared with 8% for those with more than seven years of underground mining. Mobility differAmes and Trent ences by years underground were statistically significant within both diesel and non-diesel mines.
Only one diesel, non-diesel mobility rate comparison was significant for any of the social and demographic characteristics. That difference was for four to seven years underground, and was in the opposite direction than hypothesised.
Health correlates of mobiity Miners having severe airways obstruction left their place of employment at virtually the same rate as miners having moderate or no obstruction, 25% compared with 26%, not statistically significant (table 2) .
Miners with moderate pulmonary restriction had similar rates of mobility as miners with either severe or mild restriction, 30% compared with 22% and 26%; the differences are not significant. Whereas diesel miners with middle range values for restrictive disease had the highest rates of mobility, no mobility rate differences by restrictive disease were statistically significant.
Miners with middle range values of expiratory flow rates at 50% of FVC had significantly higher rates of mobility than those with low or high flow rates, 29% compared with 26% and 22% in the total sample. The within diesel differences achieved significance although the within non-diesel did not.
Miners with persistent productive cough, persistent phlegm, and shortness of breath were no more likely to be mobile than miners without these respiratory symptoms (table 3) . Respiratory symp- 
Discussion
The survival bias component of the healthy worker effect predicts that impaired workers or workers with heightened susceptibility or sensitivity to specific occupational exposures leave the workforce setting at a higher rate than others. The net result is that s.;cupational epidemiology studies underestimate the effects of occupational exposures by studying only the survivors of the workplace. The present study attempts an empirical assessment of the survival effect by using a sample of coal mines using diesel equipment underground, a matched comparison sample of neighbouring nondiesel mines, and predicting subsequent mobility based on the health status and social characteristics of the miners in 1977.
Our assumptions in this study are that coal mine dust represents a threat to miners' respiratory health, and that the addition of underground diesel emissions represents a potential additional threat. Under these assumptions, we predict that miners experiencing respiratory symptoms or impairment in 1977 will subsequently leave the workforce at a higher rate than those who do not. Further, we predict that this trend should be enhanced for those exposed to two potential respiratory hazards (coal mine dust plus diesel emissions) compared with those exposed only to one potential hazard (coal mine dust alone).
Our data showed mobility to be related to many of the variables social scientists would expect on the basis of migration theory and other social models2'-that is, higher for women (in a male dominated workforce), higher for the non-married than the currently married, higher for the young than the old, higher for those with more education, and higher for those with short tenure in the industry. Given the existence of the social correlates in the predicted direction, one can place more faith in the lack of association in the hypothesised direction that we found between respiratory measures and symptoms and subsequent mobility.
Our data did not support the predictions based on the survival component of the healthy worker effect. Rates of mobility for persons with airways obstruction and airways restriction were not significantly higher than for those with normal respiratory function. There was some evidence that diesel miners with moderate small airways disease, as indexed by middle range values on maximum expiratory flow rate at 50% of FVC, had higher mobility than miners with no evidence of small airways disease.
Miners with respiratory symptoms had no higher mobility rates than those without.
In summary, we found no evidence of a survival effect in this sample of diesel and non-diesel coal miners. These results are in essential disagreement with the findings of Fox and Collier2 and Vinni and Hakama,6 but in agreement with those of Cochrane et a!22 in their study of mortality among coal miners in the Rhondda Fach. We found mobility to characterise younger workers and those with short tenure underground and in the mining industry-that is, precisely those who would be least likely to show respiratory symptoms or disease. Against the backdrop of these social factors, the presence of respiratory disease and symptoms played no obvious part in occupational mobility. No additional increment in mobility was associated with exposure to both coal mine dust and diesel emissions.
